A stimulus movement effect has been reported in which learning by nonhuman animals was significantly better with moving than with stationary stimuli. In the present investigation, this effect was extended to human participants (N = 56) and further explicated. In Experiment 1 the students responded significantly more accurately and rapidly on a battery of computerized tasks with moving versus stationary stimuli. In Experiment 2 performance on a concurrent task was systematically slowed even as performance was enhanced on two different primary tasks by stimulus movement, which supports the interpretation that these effects are mediated by attention. A distinction between procedural and performance difficulty was made, in which increasing the former (e.g., with moving stimuli) appears to enhance concentration and improve performance, whereas performance difficulty makes a task harder to do correctly and impairs performance. Experiment 3 was a replication of Experiment 2 with rhesus monkeys in which essentially the same procedural difficulty effects were found. This series of experiments demonstrates for the first time stimulus movement effects in human learning, and it is the first study of which we are aware to examine the intensity of attention in nonhuman primates using dual-task methodology.
A stimulus movement effect has been reported in which learning by nonhuman animals was significantly better with moving than with stationary stimuli. In the present investigation, this effect was extended to human participants (N = 56) and further explicated. In Experiment 1 the students responded significantly more accurately and rapidly on a battery of computerized tasks with moving versus stationary stimuli. In Experiment 2 performance on a concurrent task was systematically slowed even as performance was enhanced on two different primary tasks by stimulus movement, which supports the interpretation that these effects are mediated by attention. A distinction between procedural and performance difficulty was made, in which increasing the former (e.g., with moving stimuli) appears to enhance concentration and improve performance, whereas performance difficulty makes a task harder to do correctly and impairs performance. Experiment 3 was a replication of Experiment 2 with rhesus monkeys in which essentially the same procedural difficulty effects were found. This series of experiments demonstrates for the first time stimulus movement effects in human learning, and it is the first study of which we are aware to examine the intensity of attention in nonhuman primates using dual-task methodology.
Stimulus movement has been identified as a primary determinant of attention throughout the history of psychology. For example, Pillsbury (1908) , Titchener (1915) , and James (1920) each discussed the "universally" compelling nature of moving stimuli: They "force attention on us; they take us by storm, and we can offer no resistance" (Titchener, 1915, p. 45) . Summarizing decades of research since, there appears to be substantial agreement on the physiology of movement perception and almost universal acceptance of the impact that movement has on the orienting reflex and attention.
Stimulus Movement Effect
However, the post-attentive processing of moving versus stationary stimuli (and specifically their effect on learning and memory) appears to have been contrasted in only five studies. Those few reports (each using nonhuman animal subjects) concur that performance on tests of learning, transfer of training, matching, and short-term memory was improved when stimuli moved versus when they remained stationary-despite the fact that movement itself provided no additional cues or basis for responding (Kardos, da Pos, Dellantonio, & Saviolo, 1978a , 1978b Nealis, Harlow, & Suomi, 1977; Washburn, 1993; Washburn, Hopkins, & Rumbaugh, 1989 ). This effect is termed the stimulus movement effect and has generally been explained as a function of attention.
It bears noting however, even in light of the widely accepted finding that movement generally elicits attention, that enhanced learning and performance caused only by the movement of stimuli is not directly predicted by any of the prevalent theories of selective attention. The distinction between the selective and the intensive nature of attention 1 is important here (see Kahneman, 1973 regarding the intensity of attention or mental effort; see Mirsky, 1996 for a discussion of the dimensions or factors of attention). A variety of stimulus events will capture attention (Yantis, 1993) . Whereas one might anticipate that moving stimuli would be noticed more than stationary stimuli (Le., elicit selective attention), it is surprising that learning and performance would be better in the former condition when stimulus detection (selective attention) was matched for the two conditions, as was done by Washburn et al. (1989) . In that study, both the moving and the stationary stimuli were adequately selected for processing-a state mandated by requiring monkeys to make an orienting response (Le., touch with a cursor) the target stimulus on each trial, whether or not the target stimulus moved. Rather, stimulus movement appeared to elicit an increase in concentration or the intensity of mental effort caused by the fact that monkeys had to try harder to capture a moving than a stationary stimulus. This increase in effort or concentration resulted in significantly improved learning and task performance. Even if motion failed to capture selective attention (as was found by Hillstrom & Yantis, 1994) , stimulus movement would elicit an increase in the intensity of attention which would benefit encoding, memory, recognition, and learning.
Further, Washburn (1993) reported that the stimulus movement effect in learning, transfer, and matching performance by rhesus monkeys cannot be explained as an artifact of task conditions such as exposure duration, positional memory, or figure/ground distinction (Washburn, 1993) . Of particular importance is the fact that matching the presentation or exposure duration of a target stimulus (Le., the amount of time that the stimulus is visible) between the moving and the stationary conditions failed to attenuate the stimulus movement effect. Performance was not improved because the stimuli were visible longer when they moved, or because moving stimuli are more distinct than stationary stimuli from background stimuli, or because stimulus movement decreases the probability that responses can be based on invalid positional cues. The only variable that reliably resulted in significant improvements in performance was whether or not stimuli moved. This pattern of effects resembled an attention allocation function, that is, an increase in the intensity of attention to compensate for the increased difficulty of catching a moving object.
Attention Resources
In numerous places above, we have appealed to the "intensity of attention" or the "amount of mental effort." Whereas everyone recognizes the difference between concentrating on a task and performing it with little mental effort, these subjective impressions do not suggest how the notions might be operationalized or measured. Two primary means of quantifying the intensity of attention have been reported (discussed by Wickens, 1984) . First, performance on a task should improve as mental effort is increased. Unfortunately, indexing mental effort with task performance is both circular and generally ineffective, as partiCipants generally invest sufficient effort to ensure optimal performance. A less circular, indirect method for measuring the allocation of attentional resources is found in the dual-task paradigm. During the 1970s and 1980s, it was repeatedly demonstrated that manipulating the difficulty or priority of one task produces complementary changes in performance of a concurrent task (given the constraints described by Bobrow, 1975, and Wickens, 1984) . For example, one might alter the difficulty of a shadowing task and observe the consequences on a concurrent detection task (Sullivan, 1976) . As shadowing was made more difficult, fewer targets were detected in the secondary task. Thus, the amount of mental effort dedicated to the shadowing task could be measured by the degree of disruption in target detection.
These and similar results have led to numerous theories in which attention is described as a pool of processing resources with limited capacity (articulated by Kahneman, 1973 , and more recently by Cowan, 1988; Pashler, 1993) . However, numerous objections have been raised against the notion that all tasks tap a single limited pool of common attentional resources that must be divided or shared (e.g., Broadbent, 1982; Navon, 1984; Wickens, 1984) . On balance, the evidence for task-or domain-specific resources is equally equivocal, as careful inspection of performance reveals that even highly practiced and apparently compatible tasks are performed better alone than in combination (Broadbent, 1982) .
Whether there is a single pool or multiple pools of processing resources, most theorists would agree that tasks that do manifest complementarity as difficulty is manipulated do, then, share a common pool of attention (Navon's, 1984 , noteworthy objections will be discussed below). We undertook to determine whether performing a task with moving versus stationary stimuli (thereby making the stimuli difficult versus relatively easy to capture) would cause complementary disruptions in secondary-task performance. If performance on a second task was more disrupted when stimuli on the primary task moved rather than remaining stationary, the hypothesis would be supported that stimulus movement causes participants to concentrate more (or try harder) which in turn improves primary-task learning and performance.
Experiment 1
The dual-task research and findings described above are found in the literature for human cognition. Roitblat (1987) described experiments in which pigeons responded to multiple stimulus dimensions, manipulated independently. However, we know of no one who has tested nonhuman animals with-multiple, simultaneous tasks with multiple response demands. Lacking prior evidence that monkeys would show dual-task complementarity under any conditions, we believed that it would be necessary to test humans as well as monkeys in a dual-task test of the stimulus movement effect.
Conversely, there are no previous findings to suggest that humans would manifest stimulus movement effects in learning and performance. Indeed, there are several reasons to predict that attention by human adults might not be easily affected by simple environmental manipulations such as stimulus movement. Chief among these is the relatively high degree of intentional control that human adults seem typically to exercise over attention. Humans should be capable of devoting sufficient attention to a simple task over a brief period of time to ensure relatively high and invariant performance across conditions. Comparable capacities for control over attention are infrequently attributed to nonhuman animals in other than an anthropomorphic sense. Thus, it seemed reasonable to anticipate that the performance exhibited by human adults would differ strikingly-both in terms of absolute levels and patterns of performance-from that reported elsewhere for nonhuman primates. Before examining the effects of stimulus movement in a dual-task experiment, it was necessary to determine whether the stimulus movement effect was limited to cognitive processing by nonhuman species or would generalize to performance by human participants.
Method
Participants. Twenty students (ages 18 to 33; 13 females and 7 males) from the undergraduate subject pool at Georgia State University volunteered for this experiment. Each subject participated in all phases of the experiment as partial fulfillment of course requirements.
Apparatus and materials. The participants were tested using an IBMIXT-compatible microcomputer operating at 10-MHz clock speed. The computer was used to present stimuli, to accept and score responses, to present sound feedback, and to record all data. It was connected to a color graphics monitor and a standard analog joystick (Kraft KC-3). Sound feedback was delivered via the computer's internal speaker.
Stimuli were computer-graphic images produced by or modified from an automated stimulus production program (Washburn, 1990) and were approximately 7.5 cm x 5.0 cm. These stimuli were randomly constructed using construction algorithms and assigned arbitrarily to tasks and conditions.
Tasks. These stimuli were presented in three computerized tasks, each originally written for use with rhesus monkeys. On each task, responses were made by moving a small white "plus sign" cursor (a "+," 1.25 cm x 1.25 cm) on the screen. The cursor moved in a direction isomorphic to the angle of joystick deflection, at a speed of approximately 2.5 cm/s. Target stimuli either remained stationary on the screen or moved diagonally, traversing the screen at 45° angles and "bouncing" off each border at a speed of approximately 2.5 cm/s. Differential auditory feedback was presented for correct (a rising tone, 400 Hz to 1000 Hz over 1 s) or incorrect (a raucous 50-Hz tone for 1 s) responses.
Short-term memory was tested using a delayed matching-to-sample (OMTS) task. At the beginning of each trial, the cursor was presented in the middle of the screen. A sample stimulus was presented in a randomly selected position with the restriction that it had to begin a trial at least 5 cm from the cursor. The sample stimulus either remained stationary or moved as described above when the cursor moved. Bringing the cursor into contact with the stimulus (i.e., to within approximately 2.5 cm of the center of the stimulus) caused the sample to be removed from the screen for 0 to 40 s (randomly selected), during which time the cursor remained on the screen in the position in which it touched the sample. Following the retention interval, the sample stimulus was again presented on the screen together with a nonmatching stimulus, each in random position. These stimuli always remained stationary for the duration of the trial. Movement of the cursor to the sample stimulus resulted in positive sound feedback, whereas touching the nonmatching stimulus constituted an incorrect response with negative sound feedback.
A same-different task was also used. As with the OMTS task, a moving or stationary sample stimulus was presented in a randomly selected position, with the cursor located in the middle of the screen. Touching the sample with the cursor caused the sample to disappear and resulted in the immediate presentation of two stimuli: a "0" (2.5 cm x 1.25 cm, white block letter) and either the sample or a nonmatching stimulus. These stimuli remained stationary for the duration of the trial. If the second of these two stimuli was identical to the sample, the subject was to select the matching stimulus. If the stimulus did not match the sample, the correct response was to bring the cursor into contact with the "0:'
The OMTS task and the same-different tasks were assigned in 2 blocks of 20 trials per task, with movement condition manipulated by block and order of administration counterbalanced across subjects. For the stimulus movement condition, only the sample stimulus moved, and it moved only when the cursor moved. The choice stimuli (the matching and nonmatching stimuli) remained stationary throughout these experiments, as did the sample stimulus at any time the cursor was stationary. The third task in this experiment was a two-choice discrimination learning (DL) task, in which each trial began with the cursor presented in the middle of the screen, accompanied by two different graphic stimuli. One of the stimuli was arbitrarily designated as positive (correct), whereas the other was designated as incorrect. However, there was no way in which a subject could know which stimulus was correct. Rather, the subject was forced to guess on the first trial, whereupon sound feedback was presented. The subject was subsequently given five additional trials with the same two stimuli. These six trials together were termed a problem, although the first trial of each problem (where performance was by design at chance) was omitted from the analyses.
Each subject received eight problems, each with pairs of novel stimuli. On four of these problems the discriminanda moved, but only the cursor moved on the other four problems. Each set of four was presented as a block and with movement condition counterbalanced across subjects. Under conditions of stimulus movement, both discriminanda moved as the cursor was moved, each in a diagonal pattern and at the same speed, but the direction of movement was randomly selected for each on every trial. Neither stimulus moved when the cursor was stationary or in the stationary-stimulus condition.
To ensure problem-unique stimuli and to increase task difficulty, discriminanda for the DL task were not randomly selected. In each problem, a specific stimulus pair (a pattern and its mirror image), was presented to the subject.
Procedure
Participants were tested individually and were not given specific instructions for the three tasks. Rather, the students were told that they should learn to respond appropriately to computer-graphic patterns on the computer screen by manipulating a joystick. Samples of the positive ("correct") and negative ("incorrect") feedback sounds were provided for each subject, and any questions that could be addressed without revealing the nature of the computer tasks were answered.
The order of administration of tasks (DMTS, same-different, DL) and conditions (movement, stationary) was randomized across subjects. However, both conditions for any task were completed before a subsequent task was administered. Following the final test block, the experiment was described in detail, and all questions that the subject had were answered. Both accuracy of response and response time (the time from presentation of the choice stimuli until the cursor touched a stimulus) for correct responses were used as dependent variables in this as well as subsequent experiments.
Results
It took significantly longer to catch the target stimuli that moved than those that remained stationary, F(1, 19) = 40.47, p < .01. It took an average of 2.05 s to catch moving stimuli but only 1.59 s to catch stationary stimuli, a difference that validates the suggestion that stimulus movement increases difficulty.
A repeated measures analysis of variance was used to examine the effects of task (DMTS, same-different, DL) and movement condition (moving, stationary) for each dependent variable (accuracy and response time). The accuracy of responding did vary as a function of task, F(2, 38) = 54.14, P < .01. These differences, which can be seen in Contrary to the expectation that human adults would perform asymptotically well across all conditions, a significant stimulus movement effect was observed in the accuracy of human performance on all three tasks. Stimulus movement improved performance by humans as has been reported for rhesus monkeys and rats (e.g., Washburn et aI., 1989) . The stimulus movement effects found for the response time data are also unique to the present study. In previous reports, effects like these have been interpreted as resulting from the 2Response times in the DL task could not be included in this analysis, as they are confounded by movement condition. Unlike the other tasks, where response time are recorded for selection of stationary choice stimuli even if the sample had moved, the DL response times were to the moving or stationary stimuli themselves. The time required to catch a target will be longer when the target is moving. increase in task difficulty associated with stimulus movement. Because it is harder to touch moving stimuli than stationary stimuli on these tasks, attention is elicited (i.e., resources are allocated, effort is invested) which causes improvement in learning and performance.
What is the processing stage that is benefitted by stimulus movement? The target stimulus moved, but never the comparison or choice stimuli, suggesting that participants concentrated more during the encoding of target stimuli. However, remember that each task was presented for relatively few trials without instructions. Thus, the participants had to learn the nature of each task while performing trials. We contend that it was this cognitive process of problem solving and learning-discovering the nature of each task, as well as remembering the identity of the target stimulus-that benefitted most directly from the added effort required to catch moving stimuli. This argument is also consistent with the finding that stimulus movement effects were evident during learning by rhesus monkeys, but rarely in mature performance (Washburn et, al. 1989) .
Response times to the moving or stationary target stimuli verify that it was harder to capture the moving stimulus. This did result in longer stimulus exposures in the moving than the stationary stimuli, and task performance has been shown to improve as target stimuli are visible for longer periods (see Roitblat, 1987 for a review). However, Washburn (1993) demonstrated that differences in exposure duration could not account for the stimulus movement effects in performance by rhesus monkeys. Further, Washburn and Putney (1995) reported that participants looked at moving and stationary stimuli (as assessed with an eye-tracking device) for statistically comparable amounts of time even though it took longer to capture the moving stimuli. Although exposure duration was not controlled in the present study, it seems unlikely that this would be the critical variable affecting humans when it was demonstrated not to be important for rhesus monkeys performing comparable tasks under similar conditions. It is not parsimonious to posit an explanatory mechanism for the present data that has already been demonstrated not to apply to previous instances of the same empirical phenomenon.
Experiment 2
As was discussed in the introductory paragraphs, the most common theoretical framework for the interpretation favored here is based on the resource metaphor of attention. Kahneman (1973) argued that task difficulty is one determinant of arousal, and that there are systematic changes in the allocation of attention accompanying changes in arousal. Put another way, it may be impossible to try hard on an easy task; increasing task difficulty permits (or, perhaps, causes) participants to increase their effort directed to the task. This shift in allocation policy might be conscious and intentional but may also occur automatically (Norman & Shall ice, 1985) .
To test this interpretation, we conducted a second experiment to address the original question of the present paper: Does the difficulty of catching a moving rather than stationary stimulus increase the intensity of attention, leaving fewer resources available for processing a second, concurrent task? Operationally, we hypothesized that performance on a second task would be compromised when participants were responding to moving versus stationary stimuli on a primary task.
Method
Participants and tasks. Thirty-six Georgia State University students (ages 18 to 43, 24 females and 12 males, none of whom had participated in Experiment 1) served as participants in Experiment 2. These volunteers were tested on the same-different and DL tasks 3 used in Experiment 1 and again received no instructions regarding the specific nature of the tasks. For purposes of the present investigation, however, these tasks were modified to permit the collection of data on a new, concurrent, auditory-target detection task. Same-different and DL task trials in which no tone sequence was presented were identical to those in Experiment 1. However, during 20% of the trials, a "falling tone" target (dropping from 2000 to 200 Hz at a rate of approximately 400 Hzls) was presented. Upon detecting the target tone, the students were instructed to press a button on the joystick as quickly as possible. Pressing this button stopped the tone sequence and allowed completion of the samedifferent or DL task trial.
Occurrences of the tone sequences were randomized across and within trials, given several constraints. It was important that tone detection trials be relatively infrequent, as presenting the tone sequence frequently might have altered the focus of attention on the computer tasks and disrupted task performance. On each of these tone-detection trials, the tone sequence was presented during the first portion of the same-different or DL trial (i.e., before the sample had been touched in same-different or before either discriminanda had been contacted in DL). The tone was presented only if the joystick was being moved , and nothing occurred in either task if the joystick button was held in the depressed position. Once the tone sequence was presented, a trial of the computer task could not be continued until the joystick button was pressed (i.e., the cursor could not be moved while the tone sequence was presented) . The result of these constraints was that participants, in the process of moving toward a target and regardless of movement condition , were suddenly required to cease manipulation of the joystick and to press the joystick button as quickly as possible when a tone sequence was presented. Only then could the subject complete the computer task.
Procedure. Three movement conditions were tested with each task:
3Because the effect of stimulus movement on learning was the primary focus of this investigation, and given the high accuracy levels for the DMTS task in Experiment 1, this task was omitted from Experiment 2. stationary target, predictably moving targets (2.5 cm/s along a diagonal path, as in Experiment 1), and randomly moving targets. It was reasoned that randomly moving targets would be even more difficult to catch than predictably moving ones (Washburn & Rumbaugh, 1992) , and thus that the stimulus movement effect would be relatively exaggerated on these random-movement trials. Thus, each subject performed 3 blocks of 20 trials of the same-different task, and 3 sets of 4 problems of the DL task. The order of task administration and movement condition was counterbalanced across subjects.
Results
Repeated accuracy measures were analyzed using task (samedifferent and DL) and movement condition (stationary, moving predictably, moving randomly) as treatments. A significant main effect for movement condition was found, F(2, 70) = 8.90, P < .01. Post hoc analyses of these differences revealed that performance in the stationary condition (M = 74%) was significantly worse than the predictably moving and the randomly moving conditions (M = 80% and 82%, respectively combined across tasks), but these latter values did not differ from each other (Tukey's post hoc test of pairwise differences, HSD = 5%). Given the direction of these means, however, a Page's (1963) test for ordered alternatives was computed for each task. The Page's L statistics is used to test the reliability of the ordering of means in an a priori sequence. This analysis revealed the means for the three conditions to be hit the predictably moving target did not differ from the time to hit the randomly moving target, the means were again found to be reliably ordered as hypothesized, L = 482, P < .01.
Finally, response times on the concurrent tone detection task were analyzed as a function of movement condition in the same-different or DL tasks (Le., whether the computer task stimuli were stationary, moved predictably, or moved randomly at the time the tones were presented). A significant movement main effect was found, F(2, 70) = 15.99, p < .01, along with a main effect for task, F(2, 70) = 45.12, P < .01. A post-hoc test showed that it took significantly longer to respond to the tone when the computer-task stimuli were moving predictably or randomly (M = 698 msec and 769 msec respectively) than when the stimuli were stationary (M = 553 msec; HSD = 126 msec). Further analyses revealed significant ordering of the means for both tasks, L = 469, P < .01 (same-different) and L = 488, P < .01 (DL).
Discussion
Stimulus movement did result in improved same-different and OL task performance but relatively compromised secondary task performance, suggesting that stimulus movement intensifies attention to a task. The magnitude of the stimulus movement effects in this experiment were found generally to depend on the characteristics of stimulus movement, replicating findings with rhesus monkeys (Washburn, 1993) . However, the dual-task paradigm employed here was not used in the Washburn (1993) study. Experiment 3 was an attempt to replicate the present findings with rhesus monkey subjects.
Experiment 3

Method
Participants. Six adult male rhesus monkeys (Macaca mulatta) were tested in this experiment. The monkeys (age range 9 to 13 years) were tested in their home cages without additional restraint. Food and water were continuously available.
Apparatus. The test apparatus used with the monkeys was comparable to that used with humans and has been described in detail elsewhere (e.g., Washburn, 1993 ). Each monkey was tested with a 16-MHz PC-compatible computer. Computer-graphic stimuli were displayed on a color monitor, and the monkeys responded by manipulating a joystick. Fruit-flavored chow pellets (97 mg) were provided following each correct response.
Procedure. The monkeys were tested with the SOl and OL tasks from the previous study. Both tasks were familiar to all of the monkeys prior to this study; however, the stimuli used in this experiment were novel. These stimuli either remained stationary, moved predictably, or moved randomly on the screen.
The secondary task used in the present study was different, however, from the prior experiment, because the monkeys in the present study had not been trained to press a button upon hearing a tone sequence (as did the human participants in Experiment 2). However, they had been trained on a visual probe task in which they were required to select rapidly the larger of two digits (e.g., a 2 when paired with a 1) whenever the digits appeared on the screen (Washburn & Rumbaugh, 1991) . Thus, 20% of the SOl or OL trials-following the same constraints as those in Experiment 2-were interrupted by the presentation of two numerals (either a 1 on the left and a 2 on the right of the cursor, or a 2 on the left and a 1 on the right). The monkeys could not resume responding to the SOl or OL task until a response was made to one of the two numerals. Note that the digits were always stationary on the screen. Immediately after such a response, the digits were erased and the monkey could return to chasing the stationary or moving task stimuli of the SOl or OL tasks.
Each monkey performed 3 blocks of 200 trials of the same-different task, and 3 sets of 40 problems of the OL task. The order of task administration and movement condition was counterbalanced across subjects.
Results
As in the previous study, three analyses were performed. The accuracy of responding was analyzed as a function of primary task (SOl vs. OL) and movement condition (stationary, moving predictably, moving randomly). Accuracy was significantly greatest in the random-movement condition (89%) and was significantly higher in the moving-predictably condition than in the stationary condition (85% and 78%, respectively; F(2, 10) = 25.33, P < .05, HSD = 4%). No other significant effects were found in the accuracy data.
Similar results were obtained in the analysis of SOl task response time (see Footnote 1 on p. 556). Again , the difference in response time was found to be significant among all three levels of the movement variable (stationary = 2.88 s, moving predictably = 2.25 s, moving randomly = 1.68 s; F(2, 10) = 12.91, P < .05, HSD = 0.47 s).
However, the movement condition of the primary task produced effects in the opposite direction in secondary-task (numerousness judgment) response times, F(2 , 10) = 25.77, P < .05, HSD = 19 msec. Responses to the digits were most rapid when the monkeys had been chasing stationary target stimuli (546 msec), were slower when the SOl or OL stimuli moved predictably (573 msec), and were significantly slowest when these primary task stimuli moved unpredictably (605 msec).
Discussion
As was observed for human participants, the more demanding conditions of stimulus movement in the primary tasks were associated with faster and more accurate responses in these tasks but with slower responses in the secondary task. These data reflect the same complementarity as did those in Experiment 2, again suggesting a relatively greater allocation of limited attentional resources to the joystick tasks when the stimuli moved compared to when they remained stationary. Finally, it should be noted that the classic dual-task paradigm is unique to attention research with humans, so that Experiment 3 represents the first known demonstration with nonhuman subjects of the widely researched slowing of second-task RT. The effects here are if anything more robust than those found in Experiment 2 with humans.
General Oiscussion
The present study builds directly on the findings reported by Washburn et al. (1989) and Washburn (1993) . Consequently, it seems wise to emphasize the findings that are unique to the present report. In the present investigations we have reported the first stimulus movement effects in learning and performance by humans (Experiment 1), effects that are comparable to those previously observed using the same three tasks and rhesus monkeys (Washburn, 1993) . Second, we have demonstrated that the same stimulus movement that improves humans' performance (greater accuracy, reduced RT) on the same-different and DL tasks produces longer RT on a secondary, tone-detection task. Not only does the moving versus stationary stimulus distinction reflect this finding, but the effect is magnified as the difficulty of capturing the moving stimulus is increased. Progressively larger stimulus movement effects with increasingly fast target movement was reported for monkeys (Washburn, 1993) , but the complementary disruptions of secondary-task performance are new and important. These effects were comparable whether the secondary task was in a different modality than the primary task (as was true for humans) or in the same modality (as for monkeys). These findings support the interpretation that stimulus movement alters the intensive aspect of attention-the amount of mental effort-allocated to task performance. They cannot be explained as artifacts of exposure duration, position, and other presentation variables. Finally, we have reported the same complementarity between first and second task effects for rhesus monkeys (Experiment 3), which we believe to be the first extension of the dual-task paradigm to nonhuman animals. In fact, it appears that studies of stimulus movement represent the few (if not the first) systematic examinations of the intensity of attention in monkeys, in contrast to the many experiments on selective attention in nonhuman animals.
The data from these three experiments suggest that learning and performance can benefit from increases in task difficulty through manipulation of stimulus movement. Two types of objection can be raised to this interpretation. First, how can it be that increased difficulty results in improved performance? By definition, "more difficult" must mean harder to do correctly or quickly. The second type of objection has been leveled at the resource metaphor of attention in general. Broadbent (1982) noted an implicit circularity in the relation between difficulty and resources: A task is said to be more difficult whenever it requires more resources, but resources are defined as the effort, time, and so forth that are invested to counteract increases in task demands. Even if "difficulty" is objectively defined (e.g., as the probability of error or the time required for processing the primary task), the notion of attentional resources may be superfluous-a "theoretical soup stone" (Navon, 1984) -because increases in difficulty in a dual-task situation predicts, by definition, disruption of performance on one or both tasks without necessary mediation by mental resources.
Several observations from" the three experiments are key to addressing these objections. First, the aspect of trial difficulty that was influenced by stimulus movement-how hard it was to catch the target stimuli-was manifest in a different variable (namely, latency to catch the sample; see Washburn & Rumbaugh, 1992) than the measures of learning and performance (i.e., accuracy and response time in the recognition phase of the tasks). Because different variables were used to measure difficulty and the extent of attention to the primary task, there is no circularity or redundancy in these constructs.
Second, it is noteworthy that the tone detection task in Experiment 2 with human participants and the digit selection task in Experiment 3 with rhesus monkeys were not performed simultaneously with the computer tasks; rather, the same-different and DL tasks were automatically stopped immediately as the tone was sounded or the digits appeared. Only after the second task response was made could responding on the primary tasks be resumed. This procedure is important, as it avoids the ''theoretical soup stone" criticism of Navon (1984) . Regardless of target-movement condition, the subject had to discontinue joystick manipulation and respond to the second task tone sequence or the digits. As the response to the second task stimuli is not more difficult with moving than stationary stimuli in each of these experiments, one cannot explain the consequences of stimulus movement without mediation by differences in attention to the moving and stationary stimuli. Given these observations, two different types of difficulty can be distinguished: procedural difficulty and performance difficulty (see also Washburn, 1993) . Procedural difficulty is determined by the amount of time or effort required to perform a trial, that is, physically to execute the behaviors necessary to conclude each response. When a task is designed, numerous decisions are made regarding the basic procedures (e.g., how and where stimuli will be presented, how responses will be made, the operational definitions of terms like "catch a stimulus" and "initiate a trial"). Failure to respond appropriately to increases in procedural difficulty will result in trials that are not completed at all. Typically, the procedural demands of a task are held constant across manipulations of the independent variable.
In contrast, performance difficulty reflects the time or effort required to complete a trial correctly. The latter is associated with the a priori probability of error. Retention interval in a DMTS task, stimulus complexity or similarity, presentation duration, and similar factors represent manipulations of performance difficulty. In fact, almost all instances in the literature of dualtask research in which task demands were manipulated represent alterations in performance difficulty. Although each of these variables has produced data that are important to an understanding of attention, they are subject to the criticisms of Broadbent (1982) , Navon (1984) , and others.
In contrast, stimulus movement affects the difficulty of catching the stimuli in a computer task; that is, the task is procedurally harder with moving than with stationary stimuli. There is no reason, however, to anticipate that this increase in procedural difficulty will compromise the accuracy or speed of making judgments about these stimuli once they are touched. Manipulations of procedural difficulty (e.g., how hard it is to catch the target) permit examination of the effects of attentional focus on performance because these effects are manifest on different measures (e.g., recognition accuracy) than are directly influenced by difficulty (e.g., time to catch the sample). Thus, attention is concentrated on the task because of the increase in procedural difficulty, and performance is improved because there is no corresponding increase in performance difficulty. In other words, the stimulus movement effect is produced because stimulus movement makes a trial harder to do (complete) without making it harder to do (perform) correctly.
This distinction and the empirical phenomenon that suggests it would seem to be consequential for several reasons. First, relatively simple task manipulations that compel individuals to concentrate harder and thereby improve learning and performance will have many applications for education and training. If stimulus movement really manipulates the procedural difficulty of a task, then other variables that increase procedural difficulty should produce comparable effects on learning. In fact, we have found that increasing the difficulty of initiating a trial (a procedural difficulty manipulation) reliably improves subsequent learning and performance (Washburn & Putney, 1995) . Wickens (1984) cited evidence that participants typically try as hard as possible to optimize performance. The present effects suggest that "as hard as possible" may often be limited by the difficulty of the task, and that alterations in task demands can permit (or cause) participants to concentrate even harder.
As important, however, are the implications of the present data for theories of attention. First, theoretical accounts must address the intensive nature of attention as well as its selective aspects. The resource metaphor provides useful terminology for describing both aspects, as does the spotlight metaphor (with its notions of adjustable beam and varying degrees of focus; see Briand & Kline, 1987) . It is rare for manipulations of task difficulty to produce resource-based effects that are not subject to the criticisms of Broadbent (1982) and Navon (1984) ; difficulty-based improvements in performance circumvent these objections, however. Object-based theories of attention are more challenged to explain why a moving stimulus would be learned, remembered, or recognized better than a stationary one (particularly when the choice stimuli never moved).
